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ABSTRACT
Under the growing pressure to veer from fossil fuel use to more environmentally
conscious energy options, fuel cells of all kinds are coming to the forefront as viable options to
replace part of fossil fuels’ present role. This effort not only includes automobiles, but fuel cells
are also emerging as options for emergency generators, modern war ships and submarines,
portable charging devices, and space applications. Proton exchange membrane (PEM) fuel cells
are likely to dominate the smaller or more domestic applications of fuel cell technology.
For the membrane, DuPont’s polymer Nafion was used in varying sizes. Using small
testing platforms of 20mm by 20mm membranes, we are able to test differing material setups in
the fuel cells and differing platinum concentrations on the electrodes’ surfaces to analyze the
effects on open circuit voltage levels, short circuit cell ability, general power output, and peak
power capabilities of the cell.
The results show a clear increase in current capacity due to platinum integration, although
manual addition of platinum still needs to be refined to be able to be fully utilized. The trouble
that comes from manually applying platinum is the risk for clogging the fuel cell and hampering
the conversion process within the cell.
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1. INTRODUCTION
1.1 Problem: Fuel Cell Efficiency
Fuel cells are devices which facilitate electrochemical reactions of a fuel with an oxidizer
to directly produce electrical current without the need for combustion of the fuel [1]. Proton
Exchange Membrane (PEM) fuel cells use an electrolyte sandwiched between two electrodes to
facilitate this reaction (shown in Figure 1 below). In this research, the electrolyte being used is
Nafion.

As they are compact, lightweight, and have quick-start capabilities, PEMs are

increasingly used in the automotive, residential, portable, and space markets [1] [2].

Figure 1 - Common Fuel Cell Structure [3]
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The other options for fuel cells at a reasonably low temperature are phosphoric acid fuel
cells, which work in a similar fashion to and are more established than the PEM fuel cell, but
need a higher temperature and have a slower start-up.

Alkaline fuel cells use potassium

hydroxide as the electrolyte with hydroxyl ions as the fuel [2]. Their downside is that they are
highly susceptible to carbon dioxide poisoning, and thus must have a very purified hydrogen fuel
source and cannot be expanded into other fuel sources [2].
There are several options for PEM fuels, such as direct hydrogen gas or any carbonhydrogen-rich fuel that could be broken down and stripped of its hydrogen ions at the membrane
[3]. If hydrogen is used as the fuel, fuel cells provide a zero-emission option for energy
production which is very attractive to many automotive companies [4]. The reactions of the fuel
cell are, generally, as follows:

Anode:

(1.1)

Cathode:

(1.2)

Overall:

(1.3)

These reactions yield an electrode potential of 1.23 volts for the overall reaction [4]. This is the
ideal open circuit voltage, the first measure of how capable a cell is when it is first started up.
This voltage is dependent on the chemicals and fuel used; the current is dependent on how
efficient the membrane, Nafion, is at transforming the fuel into energy.
These generalized equations do not take into account the efficiency of the fuel cell and
what kind of power the fuel cell would be able to provide. Nafion is a well known membrane for
the PEM fuel cell and is the membrane that the research presented in this paper used exclusively.
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Fuel cells are some of the most efficient power sources, boasting between 40% and 60%
efficiency disregarding the potential thermal energy that can be recovered in some cases, which
can push the efficiency up to as much as 80% [3]. PEM fuel cells operate best at between 60°C
and 80°C which make them the ideal fuel cell for domestic, portable, or small purpose use, but
heat harvesting is not an available method to increase the efficiency in this temperature range [1].
Since thermal recovery is not available, the research effort then must go into amplifying the
ability of the Nafion membrane alone to be able to speedily consume the fuel to produce a higher
wattage per unit area of the membrane.

1.2 Thesis Statement
The goal of this research is to establish a beneficial baseline of platinum use in relation to
the Nafion membrane for maximum efficiency of hydrogen consumption for future use with a
nano-platinum cocktail of catalysts and for the future aim to use methanol as the fuel.

1.3 Approach
As pressing a solid metal electrode would stop the Nafion’s access to the gases, an
intermediary must be used which is both conductive as well as able to allow the gases to come
into contact with the Nafion. Carbon paper as the intermediary between the electrodes and the
membrane itself has proven to be a suitable material and is what is directly manipulated and
upon which the platinum is deposited. After depositing the platinum mixture, if in a liquid form,
the samples are heated in an oven to evaporate moisture from the mixture. Once dry, the carbon
paper cuts are considered ready for use. Samples are produced in pairs because the dependence
of heavier platinum loading on the anode or cathode is not examined here.
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Once assembled, the fuel cell unit is squirted with water to wet the membrane and left to
run under a moderately heavy load while it acclimates itself and stabilizes the gas exchanges. It
is also kept on a hot plate to raise the temperature of the cell to between 60°C and 67°C.
Hydrogen and oxygen are fed to each side and kept at between one to three atmospheres each.
After warming up, results are then taken. In most cases, two rounds of data are taken and the
results are averaged across them. Two rounds of data are sufficient because the activation
process which the cells are put through brings them up to their working capacity before the first
test is conducted. Once the cells are fully activated, there is some variation between trials, but
not enough to merit more than two trials. In the few cases where there was significant variation
between the trials, a third or fourth trial was done and the initial trial was either negated or
averaged out with the others, depending on the severity of the variation.

1.4 Potential Impact
Once the proper method of depositing platinum is established for the Nafion membrane,
we would have brought the efficiency of the hydrogen cell closer to its theoretical limit. This
can then be carried over when methanol is used as the fuel as platinum is very important in the
processing of any hydrogen-carrying fuel. By bringing the efficiency up to a level which is
workable with hydrogen, there are only a few other considerations to be taken into account once
methanol is used instead of hydrogen, such as carbon monoxide poisoning and ruthenium to
platinum concentrations to aid in cell cleanliness.
The next step would be to introduce methanol as the fuel and test for the capacity of the
cell. Timed trials would be necessary as carbon monoxide poisoning occurs gradually as the fuel
cell functions, and methods would need to be developed to preserve membrane purity. Once
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completed, few other significant problems would hamper the integration of methanol as the fuel
for these fuel cells.

5

2. BACKGROUND
2.1 Nafion
For all types of Nafion, there are several things that remain constant. One is Nafion’s
general make-up: a Teflon-based backbone which is hydrophobic and offers stability and
durability in the cell’s environment with negatively charged sulfonic groups as side chains which
are hydrophilic as shown in Figure 2 [5]. This arrangement allows for the hydrogen ions to be
passed through the membrane via the sulfonic arms and transferred to the other side with
exceptional speed. The problem with this process is the location of the side chains and the
backbone of Nafion in relation to the gases.
Nafion’s surface, when dry, has only 11% of its sulfonic groups exposed, with the
remaining surface area comprised of the backbone Teflon-like portion [5]. This is highly
detrimental to gaseous transfer since the backbone portion of the membrane does not transfer the
ions and will not conduct the reaction. Once wetted, the surface can be brought up to around
95% sulfonic groups with only 5% of the exposed membrane consisting of the hydrophobic
backbone [5].

These hydrophilic comb-like structures, when wetted, offer an ionically

conductive network through which the hydrogen ions can be transmitted [4]. Therefore, wetting
is a very important part of the process of Nafion membrane operation.
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Figure 2 - Structure of Nafion [4]

Another benefit of wetting is the current flow. As ions flow through the membrane,
electro-osmotic drag brings water molecules from the anode to the cathode [5]. Current is
directly affected by water travelling through the membrane and as the water flow finds new or

7

expands existing channels of transport, current can then increase further until a constant current
is achieved [5].
For this water transportation and wetting of the membrane, there must be free access to
adequate sources of water without drowning the membrane. To do this, a small amount of water
was squirted onto the membrane, allowed to absorb into the membrane, and the rest of the
absorption was allowed to occur as the cell went through its warm-up phase both by absorption
of the liquid water left in the cell compartments and the water vapor that would be produced by
the thermal energy coming from the fuel cell as well as the thermal energy coming from the
heater. Usually the warm-up phase lasted anywhere from thirty minutes to several hours for
some of the samples, although according to some sources, membranes were allowed to absorb
water for up to a week for complete activation [5].
The production of the cells was affected by allowing increased time to acclimate
themselves, but an accurate assessment of their functionality was given even with a thirty minute
activation session. This is due to our use of a double-testing session for each membrane. Almost
all of our results were the results of a double-testing of the cell. The first opens up the
membrane, allowing an initial reading of the open voltage, but more importantly pushing the
membrane to operate towards the end of the test at near short-circuit conditions. By this method,
the true current potential of the cell is stretched and the second reading obtains a better reading
of its true ability. Nevertheless, the results are averaged for our purposes due to reproducibility
issues.
In the lab, several types of Nafion were used. Nafion 117 and 115 are 7 mil and 5 mil in
thickness respectively [6]. Nafion 212 has a thickness of 2 mil and Nafion XL, recently released,
has a thickness of 1.1mil [6]. All of these types expand when in contact with water, whether in
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its liquid or gaseous state, at the rate of between 10-15% except for Nafion XL which will only
expand around 1% of original measurements [6]. Each of these membranes was used in different
capacities during the testing.
Of these types, both platinum preloaded samples and regular Nafion was used in the tests.
When carbon paper cuts were manually loaded with a platinum mixture, non-treated Nafion was
used.

2.2 Platinum Treatment
The treatment of Nafion with platinum is regarded as an important step in the
acceleration of the process by which hydrogen can be oxidized. Instead of solely relying on the
Nafion to absorb the hydrogen gas and split the H2 molecule, a catalyst, namely platinum, is
desired to speed the process along [7].
By incorporating platinum onto the anode side especially, the hydrogen gas comes in and
“docks” with the platinum sites, splitting the gas and depositing a hydrogen ion at each of two
different platinum sites for the diatomic gas [7]. The ions then can be transported through the
Nafion and be recombined with the oxygen. Those platinum sites that allow the hydrogen to
dock are more efficient than untreated Nafion and speed the process by which the hydrogen uptake is governed [7].
Since the membrane expands upon contact with water, pretreating the membrane directly
would cause complications in the planar behavior of the membrane.

Some Nafion comes

pretreated with platinum at the rate of 0.5mg/cm2 and this is used for our sample with platinum
directly implanted into the membrane.
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To treat the membrane manually without the adverse affect of warping and wrinkling due
to absorption of atmospheric water vapor, the carbon paper or cloth is treated before coming in
contact with the membrane. To do this, the platinum solution mixed with liquid Nafion is
prepared and applied to the carbon paper, completely covering the cutting. The cuttings are then
placed into an oven which dehydrates the mixture, leaving the platinum mixture and a dried
Nafion layer behind. Using liquid Nafion as the liquid portion of the mixture tends to make
drying times longer, but aides in bonding to the membrane.

2.3 Heating and Packaging
Once the pretreating is complete, two carbon paper cuttings are taken, laid with the
treatment facing the membrane and then all three are pressed between two metal blocks.
Pressure is applied via clamps and the assembly is placed in an oven. According to DuPont’s
instruction, the temperature is increased to between 130°C and 135°C over the course of a halfhour and kept there for several minutes. After that, the samples are removed and allowed to
cool. Once cool, the two carbon paper samples should have bonded into the membrane and, as
long as a short was not created, the membrane is ready for testing.
There was some work to establish the ideal pressure to apply to the fuel cells to avoid
shorting the membrane out between the two carbon electrodes. Originally, the two metal blocks
were held together by two spring-loaded clamps which were placed on the edges of the metal
blocks to dissipate the pressure, and a hand tightened C-clamp in the middle. After several
shorted membranes were created with this process, the C-clamp was removed from the
pressuring regimen. After the C-clamp was removed, no further membrane shorting occurred.
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It is believed that the effect of the C-clamp, though initially tightened only until it would
not slide off, applied a greater force to the membrane than the two side spring-clamps could
muster because of the expansion of the metal blocks in the oven. As these blocks expanded, it
caused the originally lightly applied C-clamp in the middle to crush the membrane under the
additional pressure. The rise in temperature did not have the same effect on the spring-loaded
clamps, which seemed to hold their pressure constant at a level which did not cause the carbon
paper electrodes to breach the membrane.
The membranes were tested in prefabricated fuel cells. These cells are constructed, in
order, with the chamber for the gases to enter and exit, the electrode plates, the rubber seals to
keep pressure within the cell, the carbon paper to maintain the gas diffusion layer, and the joined
membrane with its two treated or non-treated carbon paper electrodes, as shown in Figure 3.
One can see the gas chambers as well as the electrodes through the glass, and sandwiched
between the electrodes is the membrane, not visible.
The end goal of this research is to have a reliable fuel cell incorporated into a ceramic
enclosure to be used for automobile applications with methanol being the fuel. As ceramics
become quite inflexible once fired, there are certain considerations other than the cell’s ability
that needs to be examined, the expansion rates of Nafion being one.
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Figure 3 - Fuel Cell Enclosure
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3. EXPERIMENTAL RESULTS
For all tests, the fuel cells, as shown in Figure 3, are assembled and tested between one
and three atmospheres of helium and between one and three atmospheres of oxygen.

All

membranes were made on a 20cm by 20cm pattern. All cells that had platinum treatment postretail were used in conjunction with Nafion that was not pretreated with platinum.
All membranes were activated prior to testing and results were garnered from usually two
sets of full data. Tests were done in a controlled setting, with the fuel cell placed on top of a hot
plate to bring the cell up to the desired temperature. Most tests occurred between 60°C and
67°C. Fluctuations in temperature occurred because of reaction rates, surrounding air flow, and
level of contact with the hot plate, but temperature readings are not included. Intermittent
temperature sensing with an infrared sensor was taken to be certain that the cell was in the range
desired. Temperature did seem to have some effect in the reaction rates, but as the temperature
was known to fluctuate throughout the trials, this was discounted as long as the cell was kept
within the temperature range stated above.

Part of the activation process before data was

gathered was heating the fuel cell up to this range.
Gases were delivered to the bottom of the two inlets in the cell’s gas chambers and
released through the top one through a passive water back pressure mechanism. This allowed the
rate to be visually controlled while the pressure in the delivery pipes was regulated with built-in
gauges. There was no recycling of gases for any of the tests, although in practical use, hydrogen
recycling would be preferred for optimal use.
To measure the voltage, a voltmeter was placed across the fuel cell’s electrodes. To
measure the current, a voltmeter was placed over a 0.1Ω resistor as shown in Figure 4. Using
Ohm’s Law, the voltmeter reading can be used to calculate the current. The load resistor,
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ranging from 0Ω to 50Ω, is in series with the fuel cell and the 0.1Ω resistor. A more precise
short circuit (0Ω) was created by adding additional leads to the connection between the fuel cell
and the 0.1Ω resistor, thus reducing the resistance inherent in the wires and the wire clamps.
This was important as the alligator clips that were used were not ideal and it allowed a further
test of the extent of the fuel cell’s current capacity.

Figure 4 - Fuel Cell Experiment Circuit Design

3.1 Regular Nafion Against Preloaded Nafion
As Nafion is sold both in raw sheets and in sheets that have been pretreated with
platinum, it was important to test each and see how much of an advantage, if any, was gained
from using the platinum-preloaded Nafion. We used Nafion 212 for the measurements in this
section.
Both of the graphs, Figures 5 and 6, show solid curves for the power delivery from the
fuel cell. Both graphs start with the open voltage near one volt, and are brought down to roughly
the same final “short circuit” voltage of about 300mV. The power provided by the platinum
14

sample is greater than the normal Nafion sample because the platinum sample is able to draw
more current from the cell as the load resistance is decreased. This increase in current capacity is
what boosts the power for the last few 100 milliamps.

Figure 5 - Nafion 212 - No Platinum
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2

Figure 6 - Nafion 212 - 0.5mg/cm Pt Preloading

3.2 Comparing Different Widths of Nafion
Nafion is sold in differing sizes, 212, 117, 115, and XL. To know which membrane
width works best, each is tested. The platinum preloaded Nafion membranes were used for these
tests. The Nafion 117 is the thickest at 7 mil, the 115 is 5 mil, the 212 is 2 mil, and the XL is 1.1
mil [6]. Note that, with the exception of Nafion XL, as the widths decrease the current capacity
as the load approaches short circuit and the power, as a result, also increase.
Nafion 117 (Figure 7) almost reaches a maximum power of 400 milliwatts, Nafion 115
(Figure 8) goes to about 500 milliwatts, Nafion 212 (Figure 9) goes up to 700 milliwatts, and
Nafion XL (Figure 10) comes shy of 600 millwatts. Also note the capacity is associated with
how far to the right the data reaches. Again, the curves are rather smooth, showing the stability
of the fuel cell as the load decreases to a short circuit.

16

2

Figure 7 - Nafion 117 - 0.5mg/cm Pt Preloading

2

Figure 8 - Nafion 115 - 0.5mg/cm Pt Preloading
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2

Figure 9 - Nafion 212 - 0.5mg/cm Pt Preloading

2

Figure 10 - Nafion XL - 0.5mg/cm Pt Preloading
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3.3 Manually Applying a Paste of Platinum to Membrane
The next phase of the project was to endeavor to establish a method of applying platinum
to the membrane in the lab to potentially enhance the cell beyond the factory-made products.
Even though Nafion 212 was more efficient, Nafion XL was chosen for the remainder of the
trials because of its potential to be used in the end packaging unit to which this research is
contributing. The reliability of the thickness of the XL is causing this bias; if no difference in the
expansion of the Nafion types were apparent, Nafion 212 would have been used. Therefore, all
of these tests were conducted on Nafion XL.
A platinum and ruthenium mixture was used. The mixture was sold as a powder, mixed
with liquid Nafion for bonding purposes and a few drops of methanol to aid in the drying
process. The carbon paper sheets were painted with the paste, placed in the oven and dried
overnight at 80°C. Once dry, another layer was added to the last two of the three pairs, dried
again, and a final layer was added to the third pair. These samples are compared by the weight
of the carbon paper.
Figures 11, 12, and 13 are quite different than the previous trials. The linear portions of
the graphs from the open voltage to the falloff are only between two data points – the open
voltage and the current measured with the maximum load of 50Ω. From the 50Ω load on, the
current remains nearly constant at only a few milliamps, and does not increase much if at all for
a decreasing load. The rough curves give an indication of the cells’ instability and incapacity to
support a strong output current.
The fact that these graphs, unlike the previous ones shown, are not functions should not
be alarming. The x-axis shown in the graphs, current, is not what was being varied in the trials –
resistance was the factor being varied. Current and voltage were measured from the behavior of
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the fuel cell reacting to the changes in resistance, and power was calculated from those two
results. Since the graphs are an interplay of the dependent variables, a functional behavior is not
a necessity, although it is desired. The fact that the current wobbles as it continues down the
graph shows the instability of the current as resistance drops. As the line continues through the
graph, resistance, although not shown, is dropping. This is why there is a non-functional
behavior to the following graphs.

Figure 11 - Nafion XL with Vulcan Pt/Ru Mix - 180mg per Carbon Paper
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Figure 12 - Nafion XL with Vulcan Pt/Ru Mix - 226mg per Carbon Paper

Figure 13 - Nafion XL with Vulcan Pt/Ru Mix - 234mg per Carbon Paper
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3.4 Platinum Sputtering
The next step was discovering whether sputtering platinum on the carbon paper cuts
before cell assembly aids in the cell’s performance. The carbon paper was sputtered by platinum
until approximately 300nm was deposited. The carbon paper was then laid on the membrane
with the platinum sides facing the Nafion. Nafion XL was used in this portion of the testing.
Figure 14 shows the resulting test data for the 300nm platinum sputtering on Nafion XL.
The data forms a bell curve of the power output formed by the drop off of current flow as the
circuit is brought to short. Note the slight whiplash of current output at the short, showing a
slight inherent incapacity for the cell to maintain stability of function when pushed to its limits.
Again, the slight recession of the graphed lines show a drawback in the current output as
resistance is decreased to 0Ω.

Figure 14 – Nafion XL – 300nm Platinum Sputtering
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4. ANALYSIS
As the data are examined, a few things should be pointed out. All groupings of graphs
shown above are on the same scale for each axis, although this does not hold true for all graphs
throughout this paper.
There are a few methods of examining the graphs which should be considered. One of
the most important pieces to examine is the point of peak power. Most peak power points
happen as the circuit goes to 0Ω. If it does not, it shows that there is a current maximum yield
somewhere in the cell that has already been reached.
The current must also be examined. Most cells have similar beginning voltage levels –
between 0.85 and 1 volt, but the current maximums reached at short circuit levels are very
indicative of the capacity of the cell. As the graphs reach further to the right, there is more
capacity to carry a current, and usually, a better chance for a higher power level. Just as in the
samples with platinum paste manually applied, there is a current limit to some cells. There is
also a short circuit current that is very important. Just as the open voltage shows the relative
separation from the ideal model, the short circuit current can show the natural ability of the cell
to perform – a higher short circuit current in a cell is indicative that it usually reached a given
current earlier (at higher resistances) than other cells.

4.1 Regular Nafion Against Preloaded Nafion
Preloading with platinum increases the power output of the cell, even within normal
variations in similar cells’ performance. The maximum voltage is relatively unchanged, the
maximum current is increased by about 9% over the regular Nafion, and the maximum power is
increased by about 10%. Both curves are relatively stable with good power retention as the cell
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goes to short. Overall, the additional platinum increased the output of the cell and made it easier
for the Nafion to carry a higher current, although not by very much.
As proposed, the additional platinum aided in the current production and was able to
enhance the performance of the cell. This new measurement is the scale to beat in regards to
platinum addition – if we are not able to improve this result in our efforts to apply platinum to
the membrane, then it would be far easier for us to simply purchase the preloaded Nafion and use
it in the fuel cell.

4.2 Comparing Different Widths of Nafion
Since the effect of platinum had been established, the difference that width played in the
cell’s capacity needed to be considered. Comparing Nafion 117, 115, and 212, as the width
decreases, the capacity and power ability of the cell increases. This is due to the fact that as you
are able to bring the electrodes closer together, the current capacity increases. With more Nafion
between them, there is greater resistance to the reaction occurring, as the hydrogen has to be
passed from one polymer to another more times before the hydration can occur. This is also due
to the need to be further hydrated and expand further and the time of activation may have
exceeded the allotted amount we gave the samples to warm up. The downside to thinness is the
tendency of the membrane to short out when the membrane is pressed with the cuts of carbon
paper. This was encountered often in the early stages of the research until the current method of
membrane assembly was established, as stated in Section 2.3.
Nafion XL is a stand-alone type. Its thickness is less than all the others, but its power
capability is just slightly better than Nafion 115. The reason for this is that Nafion XL is built
differently than any other type of Nafion membrane, expanding by only 1% when exposed to
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water, instead of the 10% the others expand. Its density is not greater than any other Nafion
membrane, although this property remains. One explanation for it could be that the sulfide
chains are either shorter in the XL or less numerous, thus requiring less hydration before the
process can proceed. For this reason, problems with shorting out the cell did not occur in
production as they did with the 212 width because of the overall toughness of the cell. The XL,
because of the ability to retain its original shape, will probably be used in the final ceramic fuel
cell model.

4.3 Manually Applying a Paste of Platinum to Membrane
As the first foray into manually applying platinum onto the membrane, a paste was mixed
and applied to the carbon paper cuts before fusing them to the membrane. None of the cells
functioned very well. The open voltage levels were about half that of other cells, but when any
kind of current is drawn from the cell, the cell’s power collapses. This is due to clogging up the
electrodes and discouraging the gases from coming in direct contact with the Nafion membrane.
The application and drying of the platinum mixture turned the carbon paper, which was porous to
begin with, into a piece resembling more of a plate or wall. For this reason, very little gas could
be processed, greatly reducing the current capacity and the power capacity.
This “wall” also began to deteriorate after hydration, which indicates that it was not
integrated well with the Nafion and that too much platinum mixture was used. The degradation
was evident by seeing flecks of the platinum and ruthenium paste floating in the water after
activation.
The level of reaction might also be explained by the fact that the layer of platinum
created a barrier to the hydration of the Nafion itself, and that the potential capacity of the cell is
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greater than is shown, but due to the minimal activation, the Nafion was not able to hydrate
properly. The answer to this should not be an increase in the activation time, as these fuel cells
are lauded on their quick-start capabilities as well as the undesired erosion of the platinum
mixture observed, but a radical decrease in the amount of platinum used.

4.4 Platinum Sputtering
This cell did slightly better than the manually applied platinum mixture, but did not come
anywhere near the level of preloaded Nafion. The benefit of the platinum sputtering was a very
even bell curve for the power. Some causes for the loss in current potential might have been the
amount of platinum (too much in this sample), the method of application on the carbon paper, or
the fact that the membrane did not integrate well with the platinum layer. This method is still
significantly better than the manually applied platinum mixture.
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5. CONCLUSIONS
For our purposes, manual application of platinum, at least by the methods that are
available to us, is not an efficient or effective method of increasing the capacity of the fuel cells.
That being said, platinum sputtering holds promise as a means to produce the correct level of
platinum loading. By overloading the cuts of carbon paper, the gases are blocked from getting to
the membrane. Further investigation is warranted into the method of delivery of platinum onto
the Nafion membrane directly since the introduction of Nafion XL. A possible dry rub of a
platinum powder or a scoring method to create more surface area on the membrane might be
possible alternatives to manual platinum application. So far, none of the results came close to
rivaling the preloaded Nafion samples, so these are still the best options to use.
If granted more time, the research would proceed further with platinum sputtering and
Nafion XL. One aim that was not realized in this research was using platinum nanotubes as the
form the loaded platinum would take. This would allow further gas to be transmitted as well as
optimal carbon paper coverage for current transmission.

Both Nafion XL and platinum

sputtering look promising, and the scope of the research completed did not explore all of their
possibilities.
Overall, as this research continues, examining a level of platinum loading similar or less
than that of the preloaded samples would be advantageous. Platinum application by hand, unless
diluted by orders of magnitude more than we used, is not beneficial to the cell. Platinum
sputtering is promising, especially if the platinum deposited can be regulated in its size and
shape, eventually forming nanotubes on the carbon paper for the fuel cell.
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5.1 Future Work
These cells, though tested with hydrogen, are intended to be used with methanol as the
fuel. One of the main things that must be investigated is the impact of this change to a carboncontaining fuel. This factor may cause carbon monoxide poisoning and inefficiencies in the cell
capacity due to an imperfect fuel being used. Issues with membrane cleanliness must also be
developed if the cell is to succeed with methanol as the fuel. Possible solutions to the membrane
poisoning problem could be to perfect the ratio of ruthenium to platinum as ruthenium has been
shown to be a cleaner for the platinum catalyst [7], as well as a backward pulse of the fuel cell,
essentially forcing current backwards through the cell, causing the platinum to release the carbon
monoxide docked onto its sites, clogging the hydrogen up-take [8]. Either of these methods, or
both used in conjunction, have been shown to enable the fuel cell to operate effectively even
with carbon monoxide poisoning present. This capability, and the fine tuning of it, will enable
PEM fuel cells to be able to be applied to a whole host of new fuels and, thus, new applications.
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